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IT. SUMMARY 
A. Background 

During period of 1948-1953, a study of teed poisoning in water- 
fowl was conducted by Illinois State Natural History Survey at their 
Havana, Illinois Laboratory. Winchester and Western Cartridge Com- 
pany, then Divisions of Olin Industries, assisted in this study. 
Although several papers based on this work were published by Frank 
Bellrose and James Jordan, no analysis of all the feeding experiments 
involved in the total program was ever done. 

The Survey's Havana files on this work were made available to 
Winchester in May 1974. This report represents a summary of these 
files, covering 84 separate feeding experiments. Information taken 
from four Bellrose and Jordan publications as listed was also used. 

Results of feeding experiments are summarized to show influence 
of shot dosage, (alloy, particle size, number or weight of pellets) 
type and amount of food, and dietary supplements on lead toxicity 
in ducks. Criteria for evaluation of toxicity was percent weight 
loss and mortality in a 30 day period. Initial tests were made with 
pekin ducks. Domestic and wild mallards were used interchangeably 


for major portion of program. 


B. Conclusions 
1. Dietary Studies 
a. Duck Pellets vs. Corn 
The first important discovery in the program was that 
pekin ducks would survive a large dosage of lead shot on a 
duck pellet diet (Protein 18%) and not on a corn diet (Pro- 


tein 9%). A similar condition was found for Mallards (V.A.}.* 


*Indicates section of report as listed in index containing experi- 
mental data on this point. 
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b. Grains and Plants 

Comparison of different diets showed susceptibility of 
both domestic and wild mallards to toxicity greatest for 
corn with a decreasing degree for mixed grains, weed seeds, 
rice, and wheat in that order. Supplementing a corn or 
grain diet with plants such as duckweed, sago pondweed and 
coontail greatly reduced and essentially eliminated toxicity 
for dosages as high as 4 #6 pellets in domestic mallards. 
Addition of plants to diet was of less benefit to wild mal- 


LATS 6 Vs Gala 


c. Dietary Supplements 

Additions to a corn diet of egg albumen, oyster shell, 
calcium carbonate and phosphorous powder reduced degree of 
toxicity in domestic mallards by about 50% over a straight 


eornearet (¥.G.)* 


d. Food Consumption 


Checks over a three month period showed wild mallards 
to Saeene an average of .15 lbs. of food per day and do- 
mestic mallards .21 lbs. Normally drakes consumed slightly 
more food than hens except during fertility and egg laying 
period when food consumption of hen increased fifty to one 
hundred percent. By second week following lead shot dosage 
food intake was reduced by as much as 80% depending on 
dosage and type of diet. The greatest reduction was for 


Colm y.Ds) 
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*Indicates section of report as listed in index containing 
experimental data on this point. 
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e. Food Condition 

Comparison of ducks on whole and ground corn diets 
showed weight loss and mortality starting at an earlier 
date after dosage for ducks on whole corn diet but no 
significant difference at end of 30 day period. Conclu- 
Sion was that constituents in duck pellets as well as 
softness of food was responsible for lack of toxicity 


With this diet (V.E.). 


f. Food Choice 

Given a choice of grain and duck pellets domestic 
mallards showed a high preference for grain. After shot 
dosage they essentially quit eating grain and consumed 


a high amount of duck pellets as a means of survival (V.F.). 


g. Starvation Diet 

Reduction of available food for wild mallards given 
no dosage to same level as that being consumed by dosed 
ducks caused the same rate and degree of weight loss and 
MOULALLCY amines IMdrcates Liat, LOxTC1 ty 15 “arrect fy“re- 
lated to amount of food consumed. The same weight loss 
occurred for dosed and undosed starved ducks in liver and 


kidney as well as in body (V.G.). 


Type of Duck 
a. Wild Mallard vs. Domestic Mallard 


A one pellet dosage for wild mallards on a grain diet 
caused 20 to 40% weight loss and 50 to 100% mortality in 


30 days. The same dosage caused little or no weight loss 
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and no mortality for domestic mallards. It was necessary 
to increase dosage to four pellets to cause same effect as 
one pellet in wild mallards. 

Average weight of two types of ducks used in experiments 
was about same. There was a much higher variability in wild 
mallards. Lower mortality in domestic mallards was undoubt- 


edly related to their higher food consumption (VI.A.). 


b. Drakes vs. Hens 

During most of year for a given dosage and diet mortal- 
ity and weight loss for hens was about double that for drakes 
in both domestic and wild mallards. During fertility period, 
when food intake of hens almost doubles, susceptibility to 
toxicity is reduced being as low or lower than that for 


Crakear vi. Bs): 


c. Adults vs. Juveniles 
Prior to having achieved full growth juveniles showed 
less toxicity than adults for a given shot dosage and diet. 


After achieving adult weight there was no difference 9 Re OS 


Toxicity and Recovery Rates 
a. Weight Loss, Mortality, and Food Consumption 


For wild mallards on a corn diet given a one pellet dosage 
weight loss was 10-15% first week, 20-25% second week, 30-35% 
third week, leveling off the fourth week. Corresponding re- 
duction in food consumption was 20-30% first week, 70-80% 
second and third weeks with an increase in fourth week. 
Mortality continued through fourth week and occasionally 


beyond that point. 
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Rate of weight loss and decrease in food consumption 
was less for ducks on other grain diets and for corn sup- 
plemented with plants (VII.A. §& B.). 

Increasing pellet dosage did not increase rate of weight 
loss for wild mallards on a corn diet. Ducks given a one 
pellet dosage showed same high rate of weight loss as those 
given Z, 3 and 4 pellets. Rate of weight loss and mortality 
of domestic ducks both increased as dosage was increased 
from 1 to 7 pellets. 

Db. Pedlet; Erosion 

Rate of weight loss was shown to be closely related to 
rate of pellet or lead elimination. Ducks, mostly on corn 
diets, that showed a high rate of weight loss (35-40%) had 
eroded only 27% of the lead in 4 weeks while those on 
better diets with a slight weight loss (10-15%) had eroded 
90% of the lead in the same period (VII.C.). 
ce RECOVETY 

For thirty days after dosage average daily food intake 
of dosed ducks that survived was only fifty percent that 
of non-dosed ducks. Following this 30 day period, food con- 
sumption of controls remained at same level. During fifth 
and sixth weeks after dosage survivors ate fifty percent 
more than controls, 25% more third week and same fourth 
week indicating recovery had been achieved (VII.E.). 

This recovery period was confirmed in another test 
in which diet for dosed ducks was changed from grain to 
duck pellets at end of third week. Weight loss at this 
time was 30%. After four weeks on duck pellets, there was 


almost a complete weight recovery (VII.F.). 
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Dosages 


a. Conventional Shot 

Tests of the constituents in commercial lead shot, 
antimony, arsenic, and lead showed that in amounts present 
that toxicity was caused by lead, not antimony or arsenic 


(VEIT a yp. 


b. Other Types of BODE Li A cost Die GG. 5G Des) 
Shots tested included: 
(1) Lubaloy (Copper Plated Lead) 
Toxicity same as non-plated shot. 
(A)etleage- S2iCalcrum 
Appeared to reduce degree of toxicity about 50% 
in domestic mallards. 
~(3) Lead-Tin-Phosphorous 
Same as standard lead shot. 
Cay erron 
No signs of toxicity in wild mallards given dosage 


of 10 pellets. 


eA Disintegrating Shot (Lead-Magnesium) 

With considerable difficulty three shot samples were 
prepared in East Alton shot tower containing .7, 1.1 and 2% 
magnesium. None of the shot would disintegrate in water. 

The 2% alloy showed faint fracture lines after 5 months inm- 
mersion. 

Feeding tests of .7 and 1.1% alloys to ducks on corn 
diet showed no reduction in toxicity over lead shot. Fluoro- 
scope indicated some break up of pellets in gizzard shortly 


after dosing. 
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A 1 and 2 pellet dosage of the 2% magnesium shot and 
standard shot were given wild mallards on a diet of mixed 
grains and coontail. There was no mortality or significant 
weight change for 2% Mg shot while 2 pellet dosage of 
standard shot caused a 28% weight loss and 80% mortality. 
Fluoroscopic checks showed Magnesium shot to break up and 
leave gizzard between one and two weeks. 

When tests were made comparing a one pellet dosage of 
the standard, and 2% Mg shot with coontail eliminated from 
grain diet there was no difference, both causing an 80% 
mortality. Pellet break up still occurred for Mg shot but 


duck failed to eliminate particles from system (IX.A.). 


d. Metal Particles 

X-ray tests on pekin ducks given large dosages of iron 
and lead particles showed rapid elimination of particles 
for ducks on duck pellet diet but failure to eliminate lead 
With. corn diet. 

Deneetie mallards on corn diet were nee dosages of 
lead and iron powder of three granulations, 10-14, 28-48 
and 100-150 mesh. The ducks passed the two fine granulations 
of lead and all three granulations of iron with no signs of 
toxicity. Only the coarse lead particles (.06'' avg. diameter) 
caused weight loss and mortality. This indicates that if 
shot is quickly broken into particles sufficiently fine by 
the gizzard they will be eliminated by a domestic mallard on 


corn diet with no toxic effect (IX.B.). 
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C. Recommendations 

The following recommendations are made with respect to using 
information included in this report to develop, and evaluate a 
non-toxic shot that is more acceptable than soft steel as regards 
ballistics and gun wear. 

1. The most promising approach for development of a non-toxic 
shot suggested by this study is based on information on the lead 
magnesium disintegrating shot and feeding tests of lead particles. 
There is evidence that a shot can be designed that will not break 
up in water but which will be disintegrated after ingestion by ac- 
tion of the duck's gizzard. There is also evidence that if lead 
is in sufficiently fine particles that the duck will pass it with 
no toxic effect even on a corn diet. These two findings, therefore, 
point to development of a disintegrating shot, predominantly lead, 
that will remain intact in the water environment, and in the duck's 
flesh, before and after cooking. Characteristics would be such 
that shot would be broken up by action of duck's gizzard into suf- 
ficiently fine particles that the duck will pass with no toxic ef- 
fect regardless of diet. Available evidence indicates there is a 
good possibility of being able to accomplish this. 

peme nNetinipivencesot diet on foxicity, reduction in toxicity 
shown for oyster shell and calcium carbonate added to diet, and 
for 5% calcium in shot, along with strong evidence from Canadian 
work of antagonistic influence of iron in presence of lead, points 
up need for continuing studies to develop more basic information on 
factors influencing toxicity of lead in a duck's system. This could 
lead to finding an additive to lead shot having a similar antagonistic 
effect as iron, but in smaller quantities, making possible a higher 


density more ballistically efficient shot. 
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3. Report should be made available to experts in fields of 
toxicity and nutrition such as Cornell Veterinary School for their 
use in planning further studies that might lead to a better under- 
standing and solution to the lead poisoning problem in waterfowl. 

4. The large differences shown in susceptibility of domestic 
and wild mallards to lead toxicity, differences existing between 
hens and drakes which varies with time of year, greater resistance 
of juveniles to effect of lead until full growth, and influence of 
diet should all be carefully considered in planning tests to evaluate 


any new material proposed as a non-toxic shot. 
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If there had been a continuation of their effort beyond 1953 
the writer firmly believes there would be a better solution to the 
lead poisoning problem today than soft steel or iron shot. Bellrose 
and Jordan demonstrated in 1950 that this was a possible answer, but 


with certain shortcomings still existing today. 
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After being associated with the problem off and on over a forty 
year period the writer firmly believes that with continuing effort 
along lines recommended above and with dedication and effort to the 
problem as exhibited by Bellrose and Jordan in the 1950 period that 
a solution better than steel shot can be found for the lead poisoning 


problem in waterfowl. 


-10- 


+ edi 0) ae ae a AP 













9 
x) 


- dace rie 
yitol « trove no baw the natdorey eit ®t seu a a 


grolts galomiInes At iw rs At esvarted (i ie : pane pee 
adit oo tuniae Sra nobsaateeb Avie bat av 


sud* bolrey O#0t of? al Anteabt aie’: 


nfnoeiow Deel oft tot base? od 82 as 


s 
mys 


yh Li sh 
om See 





oat ial alien yr , 


' 7 a _ 
Uy 
ate cc oy oy ne ives ; 
ps ee re i : 
«,o 148 ts . : 
4 7 
: is 5 And 7 


* = 


II. INTRODUCTION 


In 1948 Western Cartridge Company, then a Division of Olin 
Industries, started support of a study of lead poisoning in ducks 
to be done by the Illinois State Natural History. Work was done 
at the Quiver Creek Laboratory of the Survey located in Havana, 
Illinois. 

The study was supervised by Frank Bellrose with James Jordan 
then a Ph.D. candidate at University of Michigan working full time 
on ‘the project. Dr. Harlow Mills, Chief of the Natural History Sur- 
vey, also devoted considerable time to the study. The writer, then 
Manager of Ammunition Research and Development in East Alton, was 
responsible for directing the project for Olin with guidance from 
Charles S. Hopkins, Olin's Director of Conservation. The study 
covered the period from late 1948 until early 1953 with Olin's con- 
tribution to the Survey amounting to about $25,000 over this period. 

Several papers were published by Bellrose and Jordan during and 


after this study was made, the major of which include: 


1. 1950 - Shot Alloys and Lead Poisoning in Waterfowl - Jordan 
and Bellrose. 

2. 1951 - Effects of Ingested Lead Shot Upon Waterfowl Population - 
BeLirose. 

3. 1959 - Lead Poisoning as a Mortality Factor in Waterfowl Popu- 
lation - Bellrose (This is the Classic Publication which still 


serves as a bible of information on the lead poisoning problem. ) 
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4. 1968 - Influence of Diet in Lead Poisoning in Waterfowl - Jordan 
(Paper started in 1952 with publication deferred for some un- 


known reason). 


Frank Bellrose was brought back into Winchester's current non- 
toxic shot study in early 1974. He pointed out that Jordan had left 
the Survey in 1953 without completing analysis and reporting on all 
of the work Olin had supported. The files were still available in 
Havana and he agreed to loan them to Winchester. They were turned 
over to the writer in May. During the last few months effort has 
been spent on a low priority basis in sorting and analyzing their 
contents. This report is an attempt to summarize the pertinent in- 
formation developed recognizing that there will be some duplication 
of that already published in the above listed papers. Actually, as 
noted, the four publications listed above were used to clarify and 


supplement data obtained from the files. 
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The material as received from Bellrose was sorted into three 


sections as follows: 


Section I Index of Experiments 


Files are marked 1-84 inclusive. They contain data, 
mainly weight change and mortality rate from 8&4 sep- 


arate feeding experiments. 


Section II Files on Reports, Data Sheets and Charts 


Includes thirteen files marked A-M inclusive. Material 
includes rough drafts of reports started by Jordan 

but never completed during course of the program, 

along with many tabulations and charts which are not 

in all cases identified as to experimental relationship. 
(Some of this material was included in Jordan's 1968 


paper located after this review started.) 


Section III History of Ducks Used in Experiments 


Includes eight files listing case history records of 
domestic and wild mallards captured and used in experi- 


ments. 


Appendix A attached provides an index of the files. All materia! 


has been returned to Frank Bellrose. 
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IV. SCOPE OF WORK 


The scope of work carried out is best shown by the description 
of the 84 experiments as listed in Appendix A. Pekin ducks were 
used in the first few experiments but majority of work was done 
with domestic and wild mallards. As a point of interest a count 
of ducks used in the 84 experiments show a total of 150 pekin, 818 
wild mallards, 509 domestic mallards, and 101 other types of wild 
ducks making a total of 1,578. Some, particularly controls, were 
used in more than one experiment. 

The general approach on each experiment was after proper condi- 
tioning to give one or more groups of ducks a specified dosage of 
a selected type shot and maintain a group of controls with no dosage. 
Ten ducks, five male and five female were generally included in each 
group but as noted there were exceptions to this. The principal 


variables investigated included: 


1. Types and amount of dosage. 
ae Lypes Or rood. 


3. Dietary supplements. 


After dosage ducks were weighed weekly. In some cases food in- 
take was measured and in others, fluoroscopic examination made for 
presence of lead in duck's system. Degree of toxicity was determinec 
by two indices, weight loss and mortality. Most of the tests were 
terminated after thirty days. Results of all experiments as sum- 
marized in this report are based on percent weight loss and percent 
mortality after 30 days. For ducks that expired prior to 30 days 


weight at time of death was carried in average through 30 day period. 


-]4- 






Betray, P| a eee ae iy 7! 
- 7 ro y Pri in “. ; ‘ 
: » 































— 
s 


% i. 
. : =%, a fe i hon ; : 
nwaitgrroesh ly oe ete seed of so 4 a aa 


nt 
— ye ; > 
a a , 7 : 


-yow sioub cided A webasaah me Bem 


sdolb enw Atow TO vittopsm sud rt 

‘wies B Reeretak te jadod 8 2A we . 
‘yeq 027 Yo reves s wore avceailen nie aa oete ok bees 

iw Yo -eequa veto 800 bia adver tint 9 Be ombl be ,ebreliam 
aw , dterynoo viveteoesred neo! seek acl fazos: 6 gotten 
ahem Frags one: nails arom mt 

saw tirsmiTegxe foFS NS ioaorgs Teroneg oat 


Misty S40 * 797176 
tHoub to aque siem TO sito avtg of gitia 
“ 


in oneeoh bel Lioede 
. on deiw elexdkes do qeaty = aisgatem all godé ogut betoele: 


ct Pabuiont Viletersg atow a tear ov it bas eisin avih aie: 


sida oF siettqeoks wrew avo? bejonm es sud) 


Pa ater ay era 
-pebuloni betigivesval eeldate 
_sgndob 49 tauome DAB seqyt b 
book te Sh) 
etromutqque yinte 
vi bhe® eotko gape nt .y¥tibew Rengrew apaw ay egeeoh 2ere 4 


A show aorewtiagxe of gos20tontt -ereadso af bie bsvyesom be: 


; 


job enw “I faitoy Ro sexget .mosexe e'doub at Spel to 2 3 
yr ott to Geom vyetisoodm Gnwe anol sig io eter 
syqaunateque DES Yo atlyeod aye qaeitt rotie f 
i hee, Gear, apeeM tnecTsq mo baand ons Fget ends ai 
nh OF of So Ete borate ede attovb ae - exo OE i 
Tee fe synkave vi boinsss ae pe: 


- ve 


Fat 


In general there is a close relationship between percent weight 
loss and mortality during thirty day period. Chart 1 shows this 
relationship for all tests on domestic mallards and Chart 2 for 
wild mallards. Percentage mortality for a given weight loss appears 
to be somewhat higher for wild than for domestic mallards as shown 


by following taken from two charts. 


Percent Mortality 


Domestic Wild 
Percent Weight Loss Mallards Mallards 
10 8 LS 
20 25 30 
30 40 Te, 
40 70 100 


Appendix B tabulates for each of the 84 experiments showing 


where available and applicable the following: 


1. Type and number of ducks in experiment. 

‘2. Shot alloy, pellet size, and number of pellets given to duck. 

pre Diet. 

4. Weight loss and mortality after 30 days for dosed ducks and 
weight loss only for controls. (Note: There was no reported 


mortality for controls during 30 day test period.) 


Results of experiments as shown in Appendix B and charts, graphs 
and tables in files, supplemented by information from Bellrose and 
Jordan's published reports were used to develop a summary on each 
of the many points related to toxicity of ducks that were investi- 


gated in this four year study. 
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Vie. DIETARY STUDIES 


A. “Duck Pellets vs’. Corn 

These experiments were carried out at beginning of program be- 
fore individual tests were being indexed. Files were not clear 
on specific test data. Since results had a major influence on 
planning of subsequent experiments, tests on pekin ducks as re- 
ported by Bellrose and Jordan in their 1950 paper and by Jordan 


in his 1968 report are summarized below: 


See > Groups. ~ 20. Rach = Duck Pellet Diet 
Dosage - Four groups given 20 pellets each of 4, 6, 8 §& 10 


Sizes. Fifth group served as controls. 

Results - (5 weeks) Ducks showed weight gain. Four died from 
enlarged liver. No signs of lead poisoning. Seven- 
teen ducks sacrificed. Pathological examination showed 
excellent condition. Eroded pellets recovered from 
gizzard. 

Test 2 - 46 Ducks:Previously Dosed with 20 Pellets. - Duck Pellet 
Diet 
Dosage - Additional 10 pellets. 


Results - (4 weeks) No evidence of lead poisoning. 


asus Lo DUCKS Previously Dosed with 30 Pellets 
Dosage - 25 #4 Pellets 


Diet wa eOny GOT 
6 on Duck Pellets 


Results - Six on corn diet died from lead poisoning, two on 


duck pellets died with cause not clear. 
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ieee = to. DUCKS =~ 5 Each Group 


Group History Diet Dosage Mortality 
if No Previous Corn zZ> #4 Pellets 100% - Avg. 
Dosage 15.6 Days 
Z Previous Dosage Duck Bt None 


of 30 Pellets Pellets 
3 No Previous Corn Controls None 
Dosage 

Thus there was a dramatic difference between susceptibility of 
pekin ducks to toxicity from large dosages of lead shot when on corn 
and duck pellet diets. 

Subsequent tests were made to determine effect of duck pellet 
vs. corn diet on wild and domestic mallards. No direct comparative 
data on this could be found in files. Jordan's report states that 
a similar difference existed but quotes no specific data to show 
magnitude. 

An analysis showing composition of duck pellet and corn diet as 


used in these experiments is shown in Chart 3. 


B. Grains and Plants 
1. Domestic Mallards 
Following are results of tests of domestic mallards on 
various grain diets and grains supplemented by glatts available 
in the Illinois River Valley. All were given a dosage of 4 #6 


DeLllets. 
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30 Day Results 


Diet Weight Loss Mortality 
Doadiay bed Th 43% 70% 
2. Tame Rice 10 20 
3. Mixed Grains 30 30 
4. Plant Seeds 19 20 
5S. Corn §& Duckweed 8 20 
6. Corn §& Sago Pondweed (+3) 0 
7. Mixed Grain § Coontail 4 0 


On another test the domestic mallards were given a dosage 


of 8 #6 pellets. 


30 Day Results 


Diet Weight Loss Mortality 
Mixed Grain 34% 60% 
Mixed Grain § Coontail i 0 
Corn and Duckweed 10 20 


Susceptibility to lead poisoning appears to be greatest for 
ducks on corn diet with a significant reduction for rice, plant 
seed, and possibly the mixed grain diets. Addition of plants 
of various types appears to have greatly reduced and essentially 
eliminated toxicity for a 4 shot dosage and even for an 8 shot 
dosage. There was no mortality for diet with coontail added 


to mixed grain. 


-18- 










es ar 


os 4 bepwinud BP wx0) 7 
0 (5+) boswhnot omae # x09 * 
0 h Ata kanes 5 nter? baxin ‘v 



















syaeob.s novig otow ehteliem oiogemob ons fasr terkttonn nO Dy) 
adel faq e8 Ce 
aLiueeh xed 0% le ata, re : 


ne pee nist® hex 
) if [istxooo 2 nied baxth - ‘ 
as Ox | boewdoutl brs ayo 


fo} teo¢aarg od oF etseqqe gutanetog Beet of Nebdaa siig 
ely ,o2it wot Rokaouber jnssitingie s dtiw toab EOD mo 2 
otomiy FO nO EBbA .etedb siatg bexim off idizeog baw 
“lintwaotes ban beset, yivesty avail) o2 erseqqs ce sn 
role 2 ge toh oove pas egnenb Jose SB oF saloueoa, 
bebha Lisvacos nile stb 0% spttaneon tate 





2. Wild Mallards 
Similar feedings tests were made on wild mallards with dosage 


reduced to one pellet. 


30 Day Results 


Diet Weight Loss Mortality 
1. Corn (Avg. 5 tests) 38% 72% 
2. Mixed Grain (Avg. 6 26 40 
tests) 
3. Mixed Grain § Coontail Z 0 
4. Corn, Millet, Rice § 35 60 
Smartweed 
peeoort G& Coontald 30 40 
6. Corn, Rice §& Seeds 20 20 
Gay Gorn iand Alfalfa 30 40 
8. Mixed Grain and Rice 3 10 
9. Small Grain § Smartweed (+5) 0 
10. Plant Seeds, 2 Weeks, 30 60 


Grain, 2 Weeks 

As in domestic mallards there was a lower degree of weight 
loss and mortality for mixed grain than for a corn diet. Ad- 
ding plants or seeds to corn diet reduced but did not eliminate 
mortality even with a one pellet dose. Weight loss and mortality 
were essentially eliminated with coontail added to a mixed or 
small grain diet. 

Another series of feeding experiments were carried out with 


wild mallards using a four pellet dosage. 
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Diet Weight Loss 


Mixed Grain § Coontail 
Corn and Sago Pondweed 
Corn and Coontail 

Corn and Duckweed 

Corn and Charro 


Wheat 


30 Day Results 


26 

i) 
38 
248. 
36 
22 


t) 
i) 


Mortality 


70% 
0 
60 
60 
70 
20 


Under these conditions weight loss and mortality were elim- 


inated only with sago pondweed added to corn diet. 


Degree of 


toxicity for wheat diet alone appears to be less than for corn 


or mixed grains alone. 


C. Dietary Supplements 


Experiments were carried out on several dietary supplements for 


which there was some evidence in literature that there might be an 


influence on lead toxicity. Tests were done only with domestic mal- 


lards. In first series dosage was 4 #6 pellets. 


Diet Weight Loss 


Corn - Shelled 

Corn and Egg Albumen 

Corn and Oyster Shell 

Corn and Calcium Carbonate 
Corn and Ascorbic Acid 

Corn and Phosphorous Powder 


Corn and CaCO, + P Powder 
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30 Day Results 


43 
fhS 
18 
20 
a7 
Li 
34 


% 


Mortality 


70% 
20 
20 
20 
70 
20 
40 
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Corn oil was used to adhere each supplement to the shelled corn. 
The excessive amount of the supplement was discarded after the mixing 
operation. 

With exception of ascorbic acid each of the above dietary sup- 
plements reduced weight loss and mortality to about fifty percent 
of that for corn alone but in no case was it eliminated. 

Chart 3 attached shows composition of grains and various dietary 
Supplements used in these experiments as determined by Department of 


Animal Nutrition at University of Illinois. 


D. Food Consumption 
1. Wild Mallards 


Starting in May 1950 records were kept on food consumption 
for a group of wild mallards separated as hens and drakes. Daily 
consumption was noted for 10 days, weekly for 12 weeks, and 
monthly for 16 months. Results are shown on Chart 4. Average 


daily consumption per duck day was as follows: 
Food Intake Per Duck Per Day (Pounds) 


Period Hens Drakes 
10 Days eee Salis 
12 Weeks ae ya We’ 
16 Months 14 arp 


High food intake for hens during first ten days probably 
was related to fertility and egg laying period. Although average 
consumption over 12 week and 16 month period was approximately 
the same for hens and drakes there were trends as shown on 


Chart 4: 
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2. Domestic Mallards 
Records were kept of food consumption for a 15 day egg laying 
period starting April 25, 1950. Results by five day periods 
were: 
Food Intake Per Duck Per Day (Pounds) 
Hens Drakes tee ee, 


First 5 Days ae! - 26 60 
Second 5 Days ee er 59 
Third 5 Days . 26 16 61 


Note high food consumption of hens during egg laying period 


as compared to drakes. 


3. Wild Mallards vs. Game Farm Mallards 


Records were shown by months for a three month period. 


Food Intake Per Duck Per Day (Pounds) 


Period Wild Mallards Domestic Mallards 
Hoy .7d 950 .19 send 

Dec. 1950; » LA eh 
Jan. 1950 LG eae 


The higher food intake of domestic mallards may account for 


their greater resistance to lead poisoning. 


e. Food Condition 

In view of differences in degree of toxicity of ducks on a whole 
corn and duck pellet diet experiments were carried out to determine 
if this was due to physical condition of food or its chemical com- 
position. Domestic mallards were given a dosage of 6 #4 pellets 


on each of the following diets: 
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1. Whole Yellow Corn 
2. Ground Corn 


3. Duck Pellets 


Results after 30 days were as follows: 


Diet Weight Loss Mortality 
Whole Corn 38% 70% 
Ground Corn 30 60 
Duck Pellets 30 40 


Jordan in his 1968 report on this experiment comments as fol- 
lows: 

"By the end of the second week, four of nine birds on shelled 
corn had died, whereas only two of the nine on corn meal had suc- 
cumbed. The food intake of latter group was 3.2 times" 

Although Jordan concluded there was a difference in reaction 
of the ducks to the corn and ground corn diets, the criteria being 
used for evaluation in this report showed no significance at end of 
30 days. Nether dia diet of duck pellets show any large reduction 
in weight loss or mortality, for this particular experiment. 

As a point of interest, information on this point was obtained 


from the Biometric tests run last year: 


Mortality in 30 Days 
Dosage Whole Corn Ground Corn 


1 #6 20% 20% 
3 #6 60 90 
6 #6 80 90 
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Again there appears to be no significant difference in mor- 
tality after 30 days although data, as in Jordan tests, indicated 
that toxicity started at an earlier date for whole corn diet. Food 
consumption throughout 30 day period in Biometric tests was ap- 
proximately the same for the two types of corn. 

In another experiment Jordan measured rate of shot erosion as 
related to food consumption for domestic mallards on a whole and 


ground corn diet. 


Percent of Normal 


Food Consumption Percent of Shot Eroded 

Weeks 
After Ground Whole Ground Whole 
Dosage Corn Corn Difference Corn Corn Difference 

1 95 65 30 8 5 5 

2 98 44 54 oe 28 25 

3 100 50 50 75 41 34 

4 95 67 28 95 70 z5 


The above illustrates the greater activity of gizzard for ducks 
on a ground corn diet making possible a faster elimination of lead 
shot from system. There was no indication as to whether the dif- 
ference was significant as regards effect on toxicity. 

Although Jordan's conclusions were that ducks survived better 
on a ground corn then on a whole corn diet, data found in files in 
support of this are not conclusive and this was not found true in 


the Biometric tests. 


-24- 


o) et 7 


7 7 - nnn 
“row ni somstet tab anao frengha on od on a 
hedevibul., afeeg gabrol ni es .936b tquodsia et ce 
boot .29tb gro shodw 462 oxeb Fotliso ms ga haa daoie 
“GS 10H atee? oietemold af bokteq yak OE unset wide 
-rog to asayd ows ed} tot singe ofy yrs ! 

26 moisote tode to sissy betwensa usbtol inewiteqxe tedtoas 
hus efody 8 ao ebtstlam otteomob tot foitqueenos boot of b: 

























j = 


a 
_ 


+3925 atos 


rere i ae eee 


Sebotd god? to tmoore4 





sfodW b6nword 9fodW brvord 
B2REOVET 0) e909 eatterethigd are = fi80 
é 2 8 eo. to ae 
rf es £2 2 bb #0 
he > Be 2 Ge Ge oor 
es 6 ao. gS T4 28 


esauh 02 bysenhg to NIAVEitoBR teta9TR od? eoter tent Li avods. ott 
‘eal to noltaninile tetea) ® efdizeoq git asm rib RTOD haverg # 
“¥th a3 padtedy of es noizenibni on 2ew siedT MOI2va mot? J 
‘EPL21407 MO 299995 Sbrege: ze Insotliag ée eam « 

totten heviviue ash tedt etsy enc¢baulonos 2" nehrol eoniaa 
‘f valet eb bovet s¢eb .¢9¢b aro siodw ¢ no mets oes aaron 
‘+ soll fool tom caw eid? Sas svbeufoden ton 7 eiht to | 


» setae oixte 





F, Food Choice 

One chart showed results of a test in which two groups of 
domestic mallards, one dosed with 4 #6 pellets and the other con- 
trols with no dosage were given a free choice of diet among whole 
corn, small grain, and duck pellets for a four week period. Weekly 


food consumption was as follows: 


Food Consumption Per Day Per Duck (Pounds) 
Small Duck 


Period DO ier ai Neer ellecs uit Ota |: 
Controls 
First Week .110 A Ue O12 an Fr 
Second Week LU .040 “OS a 
Third Week A0YS aS 045 Lo% 
Fourth Week Dera 0.0.5) eh di, 128 





Avg. 4 Weeks L065 2021 049 . 146 


Dosed Birds 


First Week 030 hae - ab0 eae 
Second Week .065 ee ao . feet 
Third Week alaho md t Bs 145 L835 
BOUT CIOS c(i cgi ei ba 090 .128 


Avg. 4 Weeks wi35 at MN A . 164 - 216 


This experiment demonstrated preference of non-dosed ducks for 
a corn diet. The significant point shown, however, is how the dosed 
ducks immediately started eating a large quantity of duck pellets 
to offset effect of lead. No data on mortality and weight loss 


was found that could be associated with this experiment. 
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Results of another test were charted in which dosed and non- 
dosed domestic mallards were given a free choice between corn and 


duck pellets. 


Food Consumption Per Day Per Duck (Pounds) 
Corn Duck Pellets Total 


Prior to Dosage 


Controls - 40 0 . 40 
Dosed YE 0 ao. 


First Week After Dosage 


Controls -28 0 .28 
Dosed 224 Ss pas 


Second Week 


Controls oo 0 BSS 

Dosed 714 £02 AS 
Third Week 

Controls Pike y's 0 B52 

Dosed eee .04 . 16 


Fourth Week 
Controls nou Ailes aU 
Dosed . 10 .18 228 
Again controls ate corn and ignored duck pellets until fourth 
week. For some unknown reason the dosed birds did not start eating 
any appreciable amount of duck pellets until fourth week. No data 
was found to relate mortality and weight changes to these food con- 
sumption figures. 
Results were shown for one other test in which wild mallards 
were given a choice of four foods. Total food consumption for a 


30 day period was as follows: 


-26- 


Oe 
| re Pee 

naa brs beeob Anidw ai Betuedo odw te0% Ted: 
bao mio meewted eokods est? s aevig ab 


















{ ahmso S) c Rad ys . ed . o tS ike Raimi) x 
fasoT gitelisd Fou? mrad 





oe. 0 Os. 
RE 0 "ce 


sgse0% teJtA Foah ser7¥ 


aS. 0 as. weeean 
2s. $0. bs, | 


: JouW bres oe? 
4 a 0 ee. -  gfeeened: - 
al. $0. br, beset 
7 ) fooW bridt — 
oF, 9 Sf. efortned 
ai 60, cf. beaotl 
AQoW Atwe® 
ag. So, os. zfLoy%ned 
gr. ar, OL. | bszog 


dycuot (itaw etolieq Aayb betony? bas -nve> eds alorines ota 
*® Jitt2 Jon bib eatid beeeb sf} mo2zset awondtaw emoe Trot. 
fish of .deoow Atuu0? Divas éfeltsq Aoub to jsevome sidsiverqgs } 
“403 boot sesdt of aegaedy ony fow bee Wilssrom orate os ie 
| | ase 


ebesiian bLiw dvtifw at dees vadto one to? woe orew gleam 
2 to} sottquuenos bool Inger Ab90% wo % soto as aa 


ea 






is 







50 Day Consumption (Pounds) 


Food Dosed Ducks Controls 
Tame Rice 602 is :¢ 
Corn = be 4.4 
Smartweed Seeds a7 12D 
Millet edd a of 
7b 185 


Rice appears to be a preferred food to corn for both controls 


and dosed birds as shown by this experiment. 


fee otbar vation, Dict 

Since food intake of ducks on a grain diet is greatly reduced 
after dosage, tests were made to determine effect on weight loss 
of food reduction alone as compared to dosed ducks. Daily food 
consumption was checked for wild mallards given a dosage of one 
#6 pellet. Two groups of controls were maintained. One was given 
the same amount of food each day consumed by the dosed ducks the 
previous day and the other an unrestricted supply. Diet was 80% 
small grain and 208 rice. | 


50 Day Results 
Daily Food Weight 


Intake Loss 
Drakes 
Dosed-Unrestricted Diet eliBvibss 13% 
Controls-Restricted Diet oble UBS. 17% 
Controls-Unrestricted Diet PL SbyLbs* 1% 
Hens 
Dosed-Unrestricted Diet Ue a Ss 12% 
Controls-Restricted Diet .060 Lbs. 16% 
Controls-Unrestricted Diet 0 OS. % 
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Thus for both drakes and hens weight loss was essentially the 
same for non-dosed ducks on a restricted diet compared to ducks 
given a one pellet dosage and on a non-restricted diet. 

In another test one group of wild mallard drakes was given a 
dosage of 1 #6 pellet and an unrestricted diet. The other group 
had their food intake arbitrarily reduced to 70% of the normal 


level. Two diets were used: 


Weight Loss % 
Dosage-1 #6 Diet-70% Normal 


Mixed Grain Diet 


1 Week ital Hee 
2 Weeks 24 16 
3 Weeks nul 32 
4 Weeks aS 40 


Mixed Grain Plus Wild Seeds 


1 Week 4 agi 
2 Weeks 20 18 
SiWecksy 28 Te 
4 Weeks 30 39 


The forced reduction in diet again resulted in as much or more 
weight loss than the one pellet dosage. 
Another chart was found which shows liver and kidney weight 


reductions as well as body weight caused by dosage and starvation. 
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Percent 
Reduction 


Control Dosed Starved 
Ducks Ducks Ducks Dosed Starved 


Final Duck Weight (Lbs.) [4 hed 132 48 48 
Liver Weight (gms) $133 8.0 aoe 63 67 
Kidney Weight (gms) 6.1 S58 3.9 38 36 


The starvation diet reduced organ weights as well as body weights 


by same amount as shot dosage. 
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Viw- CI Y PE DRADUCK 


A. Domestic vs. Wild Mallard 
It was apparent from test data included in Section V that a 
wild mallard is more susceptible to lead poisoning than a domestic 


mallard. To better illustrate this the following comparisons are 


‘shown: 
Weight Mortality 
Loss (%) (%) 
Diet Dosage DM WM DM WM 
Corn 1 #6 6 36% 0 8* 
2 #6 32 -- 40 
4 #6 42 ony 80 = 
Mixed Grain 1 #6 1 30* 0 50% 
Corn § Duckweed 4 #6 8 29 20 60 
Corn §& Pondweed 4 #6 (+3) 28 0 60 
Mixed Grain § Coontail 1 #6 -- 2 - 10 
4 #6 4 26 0 70 


*Average of 5 tests 


hus, ee ineas of diet the domestic mallard (DM) shows a much 
lower weight loss and mortality rate for same pellet dosage than 
does the wild mallard (WM). In fact, it appears that a four pel- 
let dosage for domestic mallards is required to produce the same 
degree of toxicity as a one pellet dosage in the wild duck. 

Average weights were determined for 74 groups of ten each wild 
mallards (740 ducks) with 62 groups (620 ducks) of domestic mallards 


used in the experiments. 
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Domestic Mallards Wild Mallards 


Average Weight for Groups of 10 e205 LDS. Ze Ss. 
Maximum Individual Group of 10 2.90 Sl i 
Minimum Individual Group of 10 2.30 2.10 
Percent Over 3 Lbs. 0 10% 
Percent Under 2.5 Lbs. 10% 22% 

The above weights represent those at time of experiment. In 


essentially all cases both types of ducks had been kept in 
pens for varying lengths of time prior to start of experiment and 
generally maintained on a duck pellet diet. Under these conditions 
average weight of wild mallards as used in experiments was higher 
and variation from group to group much greater. 
As reported in previous section average food consumption over 
a three month period averaged .153 lbs. per duck per day for wild 
mallards and .173 lbs. or 13% higher for domestic mallards. This 
may be a factor in their greater resistance to lead toxicity. 
Jordan in his 1968 paper shows a direct comparison between 
Toxicity and Pond Looney on for the two types of ducks. Tests 
were conducted in February 1950 with diet ofsmall grains. Each 


group consisted of ten hens and ten drakes. 


Controls Dosed-1 #6 

DM WM DM WM 
Initial Weight (Lbs.) Zcu5 2.68 2.98 2.61 
Avg. Daily Food Intake (Lbs.) aLA5 . 140 0s .090 
Weight Loss (%) 4 0 0 25 
Mortality (%) 0 : 0 0 40 
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In this particular test initial weight was greater for the 
domestic mallards. Food consumption for these ducks was 18% higher 
for controls and 100% higher for dosed birds. Domestic ducks showed 
no effect of the one pellet dosage as contrasted to a 25% weight 


loss and 40% mortality for wild mallards. 


BS * Drakes. vs. Hens 
1. Domestic Mallards 

Additional information if desired on this point could be ob- 
tained by a more detailed analysis of the individual experiments 
since in most cases the group of 10 ducks consisted of 5 Hens 
and 5 Drakes. 

Jordan did make this analysis on Experiment #10 carried out 
in January 1949. Domestic mallards on a corn diet were given 
variable dosages from 1 to 7 #6 pellets. The hens suffered a 
mortality rate of 64% and drakes 36%. 

A test was made in July comparing the two sexes at each of 


three age levels. Diet was mixed grain and dosage was 8 #6 


pellets. 
Weight Loss (%) Mortality (%) 
Duck Age Drakes Hens Drakes Hens 
Adult 27 38 60 60 
Juvenile-8 Weeks 2 4 0 0 
Juvenile-5 Weeks 8 25 20 40 


Difference between indicated degree of toxicity was hardly sig- 
nificant except possibly for the young juveniles. Another test was 
made in February 1950 with dosage reduced to one pellet. There was 


no mortality or weight loss for either sex. 


-32- 


aes ; 

































off. rot TosRery, 2ey. aigiew | 
vodgid #82 enw edoub seat 102 nok — 
oe efoub aiszsmod .abtid boeob tor sodain #9 
figiow #28 » of bosanrsaoa a8 sgeeod setiog 0 a 
-ebtsllem biiw t62- 


baw 





bral is otaeguiod 

q eidt no batresb ti noitenroiad ae 

to eteyiens belieteb atom ® pentea " , 
. 


-do ed bluos santo 


ernomiveqxe teubivibat oil3 


opel! 2 to besatano>. etoubh OL 20 quotg aay ageno ‘4 20m 2 onwke’ ra 


oy 
) 


adil é bn mi 


tuo Betrtso GL4 tnomitogxd no zieviens efia ofam with nabiol 
neain otew Jetbh ato> &B MO ebisl fem siteamed Peal crniesn: ai 
se Boretiue ened eft .2erotieq o% ¥ 02 f mort 2sgn sob ebdpizey 

$00 eedeth bas $80 to eset ilasvom 


. 


_ 





to dowe th zoxoe owt oft gattAqmoo bce ai sbait 2aw tees A 


elavel oge eat oa 


a4 & eew sge2oh Sas piarg, boxim enw toll 


(8) yi iteszow (#) 220) 3sig.i 0" 


ane ~ goxe7] pmo geesud “aA dowd 
00 02 ge ae | 11ubA 

i if i § atsow er ‘ 

Oe gs as o.. wer a-slknevut 
yh . rue: - 


-giz vibued =pw “sto txed 20 aeTRol ord thet soowse 

esw s2e9 tedaodA stot tnesel grey, atts wor re % 

2gW erent tol tag one ot beowben’ opsaob. 64 siw O2@I vr 

; ei souls > 2 on 1 9 hab 
¥ Rehoet es 


ft sy Alle ai 


- { j r ) Labaee tat 





eri | 


As reported in previous section, food intake of domestic mallard 
hens increased more than 50% over that of drakes during the egg 
laying period. No specific test data was found on this but Jordan 
in his 1966 paper states that in this same period a total of 16 out 
of 31 drakes (41%) died from a given shot dosage and only 6 out of 
41 hens (15%) died. 

2. Wild Mallards 


Results of three separate direct comparisons were found: 


Weight 
Loss Mortality 
Time of 
Year Dosage Diet M F M F 


February 51 Wt ae Mixed Grain 18 29 10Fu50 


rer sl) eo). 1 #6 Mixed Grain 36 oe 60 20 
October 49 1 #6 Grain §& (+3) 7 DO 220 
Coontail 
October 49 2 #6 Grain §& 29 28 Seo 0 
Coontail 


Note that in February weight loss and mortality were greater 
for the hens but in April the reverse was true. Again this may 
be related Pore ren ey and egg laying period. In October with 
a better diet the hens again appeared to show a slightly higher 
degree of toxicity for both dosages. 

Jordan also reports on a more detailed analysis made in fall 
and winter months of 1949. Combined results of three experiments, 
showed that for dosages of one and two pellets, 27 drakes had a 
mortality rate of 22% and 30 hens a rate of 50%. The following 
taken from a chart found in file probably represents these same 


experiments. 
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Mortality 


Rate (%) 
Weeks Following 
_Dosage Hens Drakes 
1 a! 0 
Z 16 0 
3 52 f| 
4 43 20 
5 50 22 


Not only did the hens show a much greater degree of mor- 
tality for a given lead dosage at conclusion of experiments, 
it occurred at a much faster rate. 

He also reports on a control test conducted in February 1951 
comparing two sexes in which food intake as well as weight change 


and mortality were noted. Diet was small grain and dosage 1 #6 


pellet. 
Drakes Hens 

Controls Dosed Controls Dosed 
Initial Weight 2.94 ie dW 2.40 2.40 
(lbs.) 
Avg. Daily Food nS 0) ae 08 
Intake (lbs.) 
Weight Loss (%) 0 20 Gr) 30 
Mortality (%) 0 10 0) 50 


Hen weight was about 15% less than that of drakes and food 
consumption for both control and dosed ducks was lower by about 
Same percentage. The hens again appear to show a greater sus- 
ceptibility to effect of lead. This may have been related to 


lower initial weight and less food consumption. 
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Adults vs. Juveniles 
1. Domestic Mallards 

A test was made in July and August 1949 comparing three age 
groups. Diet was mixed grains and dosage 8 #6 pellets. 


Weight 
Initial Loss Mortality 


Adults 2 Oe LOS. 33% 60% 
Juveniles-8 Weeks Zoe LoSs . 0 0 
Juveniles-5 Weeks iene Lita. 16 30 


The adults showed a significant degree of toxicity whereas 
the 8 week juveniles appeared to have resisted effect of the 8 
pellet dosage. Jordan commented that for the 5 week juveniles 
the damage from lead was probably secondary to the influence 
caused by nutritional deficiencies as a result of their being 
on a grain only diet during a rapid growing period in their 


lives. 


2. Wild Mallards 
Three experiments were conducted using captured adult wild 
mallards and juveniles estimated to be 7-8 months old. Dosage 


was 1 #6 pellet in all cases. 


Weight 


Diet initral Loss Mortality 
ee eg tt LOD 
Adults MixedeGrain..2.75 Lbs. 34% 80% 
Juveniles Mixed Grain 2.66 Lbs. 29 60 
PAS ghee shy | 
Adults Mixed Grain 2.94 Lbs. 26* 20 
Juveniles Mixed Grain 2.23 Lbs. 8% 0 
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Weight 


Diet ryt ee Loss Mortality 
Ss. Dec. L951 
Adults Wheat ad bo PD 18 10 
Juveniles Wheat sncA LoS. 27 20 


*Adjusted for control change. 


Difference did not appear significant in Tests 1 and 3 
where weight of juvenile approached that of the adult. However, 
in Test 2 where juveniles had not reached their full growth 
they appeared to resist effect of one pellet dosage better than 


the adult. 
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VII. TOXICITY AND RECOVERY RATES 


Additional information on this subject could be developed by a 
more detailed analysis of individual experiments. Most data sheets 
show by weeks weights of both controls and dosed ducks for 1 to 3 
weeks prior to dosage and mortality and weights of surviving ducks 
by weeks up to four and sometimes as long as six to eight weeks fol- 
lowing doage. As mentioned previously, to simplify this presenta- 
tion only weight loss and mortality at four weeks, or thirty days, 
after dosage was used in evaluating results of most experiments. 

There were in the files several drafts of charts and graphs pre- 
pared by Jordan supplying miscellaneous information relating to 
toxicity and recovery rates. Details of conditions involved in 


experiments were not available in all cases. 


A. Food Intake vs. Weight Change 


Dosage was one #6 pellet for wild mallards. Tests were made 
with both corn and small grain diets. Food reduction represents 


percent change from a normal diet. 


Corn Diet Snail) Grain Diet 
Weeks 
Following Food Weight Food Weight 
Dosage Reduction Loss Reduction Loss 
First 23% 8 9 4 
Second 82 22 40 g 
Fir rd 73 65 a3 11 
Fourth 43 33 2 12 


-37- 


























_ 7 


- A 


i. ' 
oa aes Pal spy 
2 AAA ISYe. iL tit av 


- (7 ends a re 
NG 7 





s yd bequi'sveb od itade rietdve eda 20 | 
etoed2 6tsb teoM .edmomiteqxe Isubivibal ~ 


Lot £ to% edouh heeob base elorsaon dtod watson ant 
etoub gnivivrve to etdg tow bas \tilstrom bas sgpend’ oF xolg 2 


~ 


~ict exXeow tiyie of xie 28 gnol em zemitemos Bae 102 ot qu 
“Sinoeotq eins vtilomie oF ,yleuoivetq bapotinem eA -ogacb 


_ 





.#ynb yiriila vo ,2dsew ryot te Ysilatrom bee Seal tégiow “ina: 

-elnemivegxe Jeom lo esiuest gniteuleve wit been ean eyseob 7377 
oi¢ edqwtg bas eorad> to’ es¥exb fstevee azolil eds ah etew svedt a 
GY atiteler noitemrotni evoonstissetm gaiylqque nebrol yd t 
ni bovfovai enoitibnos to eliated . estat yrstooss Baa ve 


.29e85 Ils mk. sideliave don s¥au e¢nemive 


ognsd) IdgioW .ev sae tak boot 


shea orew eszoT .ebrsi{em biiw vot tolleq 4% sno 2ew egkeod ~ 
etuseetqst mottoubet boot .230tb nisty Iilema Bas ard5 dtod ¢ th 


.teih [sarron 2 mort syed SasoTeg 


39i0 aia) ilame t9i7 arod | ’ 
. 2ae0W 
tig Low hood tdg iow boot gaiwollot 
220.1 nottoubol eral no isoubes a! eyseotl 
b i) &g ez% serid : 
@ os ss SR baozse 
rt ne ee a bridT 
or $f ge | 


Note that both amount of food reduction, which was voluntary, 
and weight loss were greater for corn than for small grain diet. 
After third week food intake increased and weight loss stopped. 


Probably most of pellets had been eliminated at this time. 


B. Weight Loss, Mortality and Food Intake 
Following is average for measurements of these three conditions 
from several tests of wild mallards given a dosage of 1 #6 pellet. 


Diet was not specified but was probably corn or mixed grains. 


Weeks After Decrease In Weight 


Dosage Food Intake Loss Mortality 
1 35% 15% 0% 
2 35 27 7 
3 20 30 34 
4 30 30 60 


Note that food intake started to increase after third week. 
Weight loss ceased but mortality continued because of weakened 


condition of ducks. 


C. Rate of Shot Elimination 

Ducks, wild mallards, were divided into two groups, sixty 
which had shown only a slight loss in weight during four weeks of 
experiment, and 53 for which loss was moderate to severe. Cause 
of difference in weight loss was not specified but was undoubtedly 
a combination of dosage and diet. Amount of shot left in duck was 


determined concurrently with weight checks. 
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Percent of Shot 
Eroded and Eliminated (From Gizzard) 


Weeks After Slight Moderate to Severe 
Dosage Weight Loss Weight Loss 
ai 5 0 
2 Sy 4 
3 65 lig 
4 90 real 


Elimination was, of course, much faster for ducks showing only 


a slight weight loss. 


voereiaget: Dosage vs... We1ght Loss 
Wild mallards were divided into two groups, 53 which had been 


given a one pellet dosage and 19 given from 2 to 4. 


Average Weight Loss 


Weeks Following Dose Dose 
Dosage 1 Pellet SOUT e LLe ts 

i 10 8 

oo 25 20 

3 34 ay: 

4 39 38 

5 40 42 


A one pellet dosage as shown previously will generally cause 
an 80-100% mortality in 30 days for wild mallards on a grain diet. 


Increase in dosage did not increase rate of weight loss. 
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B.. Recovery - Food Consumption 


Wild mallards were divided into two groups. One consisted of 
15 controls and the other 23 dosed birds which had shown a large 
weight loss but survived the 30 day test. Both groups were given 


an unlimited supply of food, type not specified, and daily intake 


measured. 
Average Daily Food Intake (Pounds) 
Diet Controls Dosed 
During Experiment . 149 Leb s. 
First Week of Recovery . 168 SPAS 
Second Week of Recovery ae Roy! «206 
Third Week of Recovery el47 . 206 
Fourth Week of Recovery .168 AGA 


Note that food consumption by dosed birds during first two weeks 
of recovery period was 50% higher than controls and by fourth week 
was reduced to same level, at which time they had probably recovered 


from effect of dosage and regained their normal weight. 


Pomenecovery - Weight 
A group of 12 adult drake wild mallards were dosed with 1 #6 


pellet. Diet was grain until 28th day when it was changed to duck 
pellets. There was still some evidence of shot in the gizzard at 


time diet change was made. 
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Weight 
Changes 


Week After 

Dosage Diet Average Weekly From Start 
Stents wo wi ses Ras Se 

First Grain 2. 86 “9 = 
Second Grain 2.40 -14 eS 
Third Grain 2.10 -12 -29 
Fourth Grain 1.90 = 0 <5 
Fifth Duck Pellets Zang +29 =13 
Sixth Duck Pellets Med OR | +5 -9 
Seventh Duck Pellets ease +3 a7, 


Weight loss was approximately same as shown in other experiments 
for wild mallards on corn diet given one pellet dosage. Change in 
diet even though lead was not yet completely eliminated resulted in 
a rapid recovery, weight coming back almost to normal level by end 


of second week. 


G. Recovered Condition - Dosed vs. Non-Dosed 
Two groups of wild mallards, one of which had never been dosed 
and the other which had recovered from a dosage of lead, were placed 


in pens and given no food for a 25 day period. 


Average Weight Loss 


Recovered From No Previous 


Days Without Food Dosage Dosage 
7 Ae 18 
14 31 32 
wk | 42 43 
25 51 50 
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Conclusion from this experiment was that ducks that had recovered 
from lead shot were no more susceptible to influence of food shortage 
in wild than those that had never ingested any shot. Records are 


shown for hens and drakes in both groups and there were no differences. 
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VIII.- OTHER SHOT METALS 


Much of the information summarized in this section was re- 


ported in the 1950 Bellrose-Jordan paper. 


A. Antimony and Arsenic 

‘One of the early tests made using pekin ducks was to deter- 
mine effect of the constituents in lead shot. Results as taken 
from Jordan-Bellrose report were as follows. Ducks were on a corn 


diet. 


48 Day Results 


Weight 

Ducks Dosage Loss Mortality 

18 Adult Pure Lead-30 #6 Pellets 24 100 

12 Adult None - Control 8 br 

2 RV: Pure Lead-30 #6 Pellets 15 38 

10- J0V. None - Control 3 20 

pA SAY ge .049 Gms Arsenic 7 MS 
(Equiv. 42 Pellets) 

12 Juv. .065 Gms Antimony 8 8 
(Equiv. 13 Pellets) ; 


HZ ShUV.. None - Control 5 ed, 


Although there was some mortality in all cases, even among the 
controls, conclusion was that lead is the predominant factor and 
effect of arsenic and antimony is negligible. Examination of 
deceased ducks shows that mortality for the controls and those 
given arsenic and antimony was due to causes other than metallic 
poisoning. The 48 days on a straight corn diet may have been a 


contributing factor. 
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B.° Lubaloy Shot 
Lubaloy is a Trade Mark used by Winchester for a copper plated 


lead shot. It was recognized that the plating would be removed by 
action of the duck's gizzard but it was thought that it might delay 
the time when lead starts to dissolve in the gizzard and provide a 
short period during which the pellets could be eliminated from the 
gizzard while the gastrointestinal tract was still functioning 
normally. Following are results of tests comparing plated and 


unplated shot. Domestic mallards on a corn diet were used: 


Standard Lead Shot Lubaloy Shot 
Weight Weight 
Dosage Loss Mortality Loss Mortality 
ieee 8 0 -4 0 
3 #6 “ey 40 id so 
5a7.0 50 60 - 40 100 


Conclusion was that the copper plating is of no value in reducing 


Peau tOXLCLty. 


eee Ton onot 

Western Cartridge Company was, during this period, pursuing 
the development of soft iron shot,not for purpose of resolving the lead 
poisoning problem, but for economic reasons in view of increasing lead 
price following end of World War II and concern about a world shortage. 
Samples of shot were provided Bellrose for testing. 

In one case domestic mallards on corn diet were given six #6 pel- 
lets and showed no mortality or significant weight loss in thirty days. 


In another, wild mallards were given ten #6 iron pellets and results 


were the same. 
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D. Lead Calcium 

There were literature references stating that presence of cal- 
cium might eliminate or minimize lead toxicity. No attempt was 
made to form shot but a 5% calcium lead alloy was cut into pieces 
approximating a #6 pellet. Domestic mallards on a corn diet were 


fed varying amounts of these pellets along with standard lead shot. 


30 Day Results 


Weight 
Dosage Loss Mortality 
6 #6 Lead Pellets 43 80 
wees Co-FD rieces Loulv. 2 #6 LZ 50 
-44 Gms. Ca-Pb Pieces Equiv. 4 #6 20 50 
-88 Gms. Ca-Pb Pieces Equiv. 8 #6 Sou 50 


There was some evidence that presence of calcium reduces lead 
toxicity but this alloy was not pursued further because of problems 


of making a calcium-lead alloy shot. 


E. lLead-Tin-Phosphorous 


A patent had been issued claiming this alloy to be non-toxic. 
No information could be found on exact composition. Tests of 
domestic mallards on a grain diet given 6 #6 pellets showed a 43% 
weight loss and 80% mortality demonstrating this alloy to be just 


ss etoxic as Standard lead shot. 
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IX. DISINTEGRATING SHOT 


A. lLead-Magnesium Alloys 


The idea of a disintegrating lead-magnesium shot to solve the 
duck lead poisoning problem was first conceived by Professors Dow- 
dell and Green of University of Minnesota in the mid-thirties. 

They claimed that an alloy containing 2% magnesium will break up 
into fine particles in a few days in water, making it difficult 
or impossible for a duck to pick up, and if ingested by ducks, 
breaks up into fine particles in 24-48 hours that ducks will pass 
with no toxic effect. 

A major part of the early Bellrose program was an attempt to 
confirm Dowdell's and Green's claims that a 2% magnesium-lead alloy 
would solve the lead poisoning problem in ducks. Considerable time 
and money were spent attempting to make a lead-magnesium alloy shot 
in the East Alton shot tower. Three small lots were eventually 
made containing .7, 1.1 and 2% magnesium. It was evident that there 
were still many problems involved in developing a suitable manu- 
facturing process’for lead-magnesium shot but regardless of this, 
samples of the three alloys were given to Bellrose for testing. 

Reports of these tests as covered in the 1950 Bellrose-Jordan 
paper supplemented by information from the files are summarized 
below. 

Peis integrat Lon Rate 

Results are reported only on the 2% magnesium shot. There 
was no change in shape or size of the pellets after 5 months 


immersion in water. There was evidence of faint fracture lines 
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showing some signs of a reaction. Drop tests of pellets after 
14 days immersion indicated that ordinary movement of water would 
be insufficient to break down pellets left in bottoms of sloughs, 


lakes or marshes. 


Peeareeaing Losts 
a. .7% Magnesium Alloy 

(1) fen pekin ducks on duck pellet diet dosed with 10 
#6 pellets showed no apparent effect after 2 months. 
Radiographs of gizzard and intestines revealed a 
disintegration of pellets in gizzard between 9 and 
48 hours after dosing. Lead particles and dust re- 
mained after 72 hours. 

Gaye Taos pekin ducks on corn diet dosed with 4 #7 1/2 
pellets showed 50% mortality in 3 weeks. Small 
amounts of lead still in gizzard after 6 days. Re- 
sults were essentially the same for ducks given 4 
#6 standard lead pellets. 


b. 1.1% Magnesium Alloy 


(1) Pekin ducks - Corn diet. Results same as for .7% 


ALLOY. 


(2) Wild mallards (juveniles 5-6 months) - Corn diet. 


30 Day Results 


Weight 
Dosage Loss Mortality 
Standard Lead Shot 1 #6 -40 80 
1.1% Mg Shot 1 #6 - 30 90 
2 #6 - 36 100 
3 #6 -35 100 
4 #6 -43 100 
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No information was provided as to whether break up 
occurred in gizzard. Regardless of this there ap- 
peared to be no | reduction in toxicity with 1.1% 
Mg shot. 

2¢ Magnesium Alloy 

Shot pellets of this alloy along with standard lead shot 


were fed to wild mallards on two different diets. 
Dosage 
Alloy Size No. Mortality Weight Change 


Mixed Grain and Coontail Diet 


2% Mg 8 1 0 +2% 
2% Mg 8 2 0 +2% 
Std. Lead 6 1 30 -7% 
Std. Lead 6 2 80 -28% 


Mixed Grain Diet 
2% Mg 8 if 80 - 30% 


Lead 8 il 80 -30% 


Ducks were fluoroscoped weekly. With mixed grain- 
coontail diet essentially all signs of the 2% Mg shot 
had disappeared from the duck's gizzard between one and 
two weeks. Mortality was eliminated and weight loss 
less than for ducks on same diet given corresponding 
dosages of standard lead shot. When diet was changed 
to mixed grain only toxicity was equivalent to that for 
lead shot. Examination of deceased ducks, death occurring 
in 2 tod weeks, showed some pellet break up but failure 
of particles to leave system. 
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Thus there is evidence that a 1-2% magnesium-lead 
alloy that does not break up in water, will be broken 
up by action of gizzard, but that passage of broken 
particles without toxicity is dependent on diet. 

B. Powdered Metal Feeding 
To investigate further the principle of resolving the toxicity 
problem by shot break up in gizzard a series of tests was carried 
out feeding ducks varying dosages of granular or powdered metals. 
feeere kin Duck Tests 

No information on these tests was located in files but be- 
cause of their significance they are summarized from Jordan's 
1968 report. Three pekin ducks were used. 

Duck #1 - Placed on duck pellet diet and given dosage of 

lead powder equal in weight to 10 #4 pellets. 

Duck #2 - Placed on corn diet and given same lead powder 

dosage. 

Duck #3 - Placed on corn diet and given same weight 

dosage of iron powder. 

Ducks were X-rayed at 4 hour intervals for first 24 hours 
and at daily intervals thereafter. Results were reported as 
follows: 

Duck #1 - At four hours elimination of lead had started, 

amount decreased progressively during next 20 

hours and at 24 hours only a small amount of lead 

remained. At 48 hours all lead dust eliminated. 

Duck #2 - At four hours elimination similar to Duck #1 but 


during next 20 hours rate decreased with still 
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considerable amount in gizzard after 24 hours. 
There was some further elimination during next 
few days with considerable amount still present 
on fifth day and duck died on seventh day. 

Duck #3 - All iron powder eliminated from gizzard and in- 


testine at end of 48 hours. 


This experiment certainly demonstrated the dramatic effect 
of diet on lead powder elimination and difference bétween lead 
and iron. There was no information supplied on granulation of 


powder used in experiment. 


2. Domestic Mallard Test 
Domestic mallards on a corn diet were given .67 grams (equiv. 
5S #6 shot) of lead and iron powder of varying granulations. 


Three ducks were given each indicated dosage. 


a0 Day  Kesulcts 


Dosage Weight Loss Mortality 
Lead Powder - 10- 14 Mesh 38 100 
28- 48 7 0 
100-150 9 0 
Iron Powder - 10- 14 Mesh 0 0 
28- 48 4 0 
100-150 7 0 


Only the coarse lead powder of an approximate .06"' average 
diameter (#11 shot) showed any significant degree of lead poi- 
soning aS measured by mortality and weight loss. Lead particles 
finer than 28 mesh, approximate .02'' diameter, passed with no ap- 
parent toxic effect. No information was found on X-ray or fluoro- 


scopic checks made on metal powder passage. 
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Thus there is evidence in this test that domestic mallards 
will pass lead powder sufficiently fine even on a corn diet with 


no apparent toxic effect. 


3. Wild Mallards 

Three wild mallards on corn diet were given .80 grams (equiv. 
4 #4 pellets) of 1.1% lead magnesium alloy broken into pieces. 
Two wild mallards on same diet were given .80 grams of lead 


powder and two others the same quantity of iron dust. 


30 Day Results 


Dosage Weight Loss Mortality 
.80 gms. Pb-Mg Pieces 36 100 
.80 gms. Pb Powder 36 100 
.80 gms. Fe Powder 10 50 


There was no explanation for death of the one duck given iron 
powder. Likewise there was no information on granulation of pow- 
ders used. 

Concluding; Bellrose's powdered metal feedings indicate that 
diet and granulation are important factors in controlling the 
auc s- abidaity toppass + iead+powder without) toxic’ effect.  );The 
fact that one group of domestic mallards passed powdered lead of 
a known granulation when on a corn diet with no mortality or sis 
nificant weight loss appears to be sufficient justification to 
pursue the study of a shot that disintegrates in the duck's giz 


zard as a solution to the lead poisoning problem. 
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Appendix A 


ILLINOIS NATURAL HISTORY SURVEY FILES 


COVERING OLIN SPONSORED WORK IN PERIOD 1948-1953 
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£Z 
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14 
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16 
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18 


19 
20 


1 


Period 


Sep- Dec 


Nov 48-Jan 


48 


Dec 48-Feb 


Jan-Feb 


Jan-Mar 
Jan-Mar 


Jan-Mar 
Jan-Mar 


Jan-Mar 


Feb-Mar 
onary ie 
Feb-Apr 
Feb-Apr 
Apr-May 
Apr-May 


Apr-May 
Apr-May 


49 


49 
49 
49 


49 


49 
49 


49 


49 


49 


49 


49 


49 
49 


49 
49 


INDEX OF EXPERIMENTS 


Description of Experiment 


Initial Experiments with Pekin Ducks 
Wild Mallards - Magnesium Alloy Shot 
Pekin Ducks Given Pb, Fe, Ca Dust Particles 


Wild Mallards Given Lead, 
Dust 


Iron §& Magnesium 


Missing 
Domestic Mallards Given Luballoy Shot 
Domestic Mallards Given Iron Shot 


Domestic Mallards Given Variable Pellet 
Dosage 


Retention Test - Variable Pellet Size - 


Wild Mallards 
Domestic Mallards Given Lead §& Iron Dust 


Domestic Mallards Given Shot and Calcium 
Particles 


Domestic Mallards Given Shot Containing 
.66% Calcium 


Coontail Added to Domestic Mallard Diet 
(2° Exp.) 


Test of Pick Up by Wild Mallards of 2% 
Mg. Shot 


Effect of Egg Albumen § Corn 011 in D.M 
Diet 


Fecundity § Fertility Test on Recovered 
Ducks 
Wild Mallards Given Iron Shot (10 Pellets) 


Domestic Mallards Given Pb-Sn-P Alloy Sh 


-56- 


ree eee kee 
Tia wes ~~ a Ti) : Ly my, oy ue ; roe | 
BAe fo) | “foe iG ery 7 e peg j 

: * i. =i 












i 
of _ 
= Pa ee “v 





ase Bie is er 
4 a cf y — f < a. ; 
: , : : - wie ~ * ~- deo - 4 on mobo - as . 
a ahi RESO oe aes ravi 
bee! +f ve a | zs if i — va eT ee > 2 a ‘ a 2 


: 
























Race apes 


Je itaged te: gepaglzaget 
eayud olde" diiw «trae! requd ints Fol 


Cen 661A mpRaggeM - ebrel leh Gv a 


— 


ch h-8e von 
sel sph tau «dD oF a4 nevi) als. nite OP] dall- 9h) sod 


wihesneet § ao. ,fAel wevid ebyeli+as flu Ch dat-<ret 
cae if ia 


lout. Yoligdud aevin ebvetfeM a12eur0 ) TRAM eee a 
me Aor Wavid zbre i tay f= sao Ob Yeh-ret 


S(GA i707 nevi) 2hraflaM site ama Ch Tahlia 
e2it, SaltOY altdsainsy = geeT wo t4qs 7 ait ft tae st 


feuG ror! 4. Gaal pevid ebveltemw «Fee smiy 2h wat teb ; 


ue) bea 2oO42 sits ist thtaild eb iyRerat ke tah-dea 


QieMitager tod? nawitd ebrel fi aitagwod cb t9A-des ; 
Hiyrola’) ga: 


PyelEaé niseonod. af hebhbaA Lkevynnc’ Oh toqA- ded 
Coxe 


-~ 
os 


rte ebeet ta SLEW 4h, a AOS Yo. 220K Ip a qghy fet 
sare walt . 


Mat ot TIO mie @ admodlA gee to ahead 
tad 


NS¥9NOION wo SaeT YFiLigdsd ’ veibayoue 


(efetied Of) gode nox novi banka cae 
dod yOhtA 4-n2- nm nevid eb re h6M $0 7 


’ 

Oo TAs ; wa. ie, 4 Aya? | my ve : 7 re 

; ee, 
: 


‘paren wel oe | | i 
r Mee - : s yoke edo ch vats 


anes he A See. i * eer 





7 re 


Index of Experiments -2- 


Exp. No. Period Description of Experiment 

ZL Apr-May 49 Effect of Oyster Shell in Diet (D.M.) 

22 May-Jun 49 Pick Up of Iron Shot by Wild Mallards 

22 May-Jun 49 Domestic Mallards - Corn § Duckweed Diet 

24 May-Jun 49 Domestic Mallards - Wild Seed Diet 

25 May-Jun 49 Domestic Mallards - CaCOz Added to Corn 
Diet 

26 May-Jun 49 Domestic Mallards - Ascorbic Acid Added 
EO. COmMuDiet 

eae | Jun-Jul 49 Wild Mallards - Coontail Added to Corn 
Diet 

28 Jun-Jul 49 Domestic Mallards - Tame Rice Diet 

29 Jun-Jul 49 Domestic Mallards - Sage Pond Weed §& Corn 
Diet 

30 Jun-Jul 49 Domestic Mallards - Phosphate Powder Added 
£0. Corn Diet 

val Jul-Sep 49 Wild Mallards - Corn and Sage Pinweed Diet 

32 Jul-Sep 49 Wild Mallards - Corn and Coontail Diet 

33 Jul-Sep 49 Wild Mallards - Corn and Duckweed Diet 

34 Jul-Sep 49 Wild Mallards - Charra §&Corn Diet 

35 Jul-Aug 49 Domestic Mallards - P and CaCOz Added to 
Corn Diet 

36 Jul-Aug 49 Domestic Mallards - Test Effect of Previous 
Lead Dosage 

a7 Jul-Aug 49 Domestic Mallards - Effect of Age and Sex 
on Lead Poisoning 

38 Oct-Dec 49 Blue Winged Teal - Variable Dosage - 1 to 
4 Pellets 

39 Oct 49-Jan 50 Wild Male Mallards Variable Dosage - 1-4 
Pellets 

40 Dec 49-Jan 50 Wild Female Mallards Variable Dosage - 1-4 
Pellets 
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Index of Experiments -3- 


Exp. No. Period Description of Experiment 

41 Dec 49-Jan 50 Wild Juvenile Mallard - 2% Mg. Shot - 
Coontail in Diet 

42 Dec 49-Jan 50 Wild Adult Mallard - 2% Mg. Shot - Coon- 
tail in) diet 

43 Jan-Feb 50 Compare Adult and Juvenile Wild Mallards 

44 Jan-Feb 50 Wild Mallards - Corn, Rice §& Seed Diet 

45 Jan 50 1948 §& 1949 Wild Mallards - Food Consump- 
tion §& Weight Change 

46 Jan-Feb 50 Wild Mallards - Influence Reduced Feeding 

47 Jan-Feb 50 Wild Mallards - Mixed Seed Diet 

48 Jan-Feb 50 Wild Mallards - Effect of Type Food on Weight 

49 Mar-Apr 50 Domestic Mallards - Comparison of Whole and 
Ground Corn Diet 

50 Apr-May 50 Domestic Mallards - Food Consumption - Vari- 
able Diets 

5k Bor-oct 50 Wild Mallards - Food §& Grit Consumption 

52 Apr-May 50 Wild Mallards - Food Consumption - Undosed 

oa Apr-May 50 Wild Mallards - Food Consumption Dosed §& 
Undosed 

54 Apr-Jul. 50 Wild Mallards - Influence of Diet on Recovery 

54 Apr-Jul 50 Wild Mallards - Influence of Diet on Recovery 

56 Jul 50 Domestic Mallards - Effect of Diet and Grit 
on Shot Erosion 

aw Jul-Sep 50 Domestic Mallards - Experiment Not Clear 

58 Aug-Oct 50 Domestic Mallards - Food Consumption 

59 Aug-Oct 50 Domestic Mallards - Food Consumption 

60 Nov-Dec 50 Wild Mallards - 1 Pellet Dosage Corn Diet 
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Index of Experiments 


Exp. No. 
61 


62 
63 
64 
65 
66 


67 
68 
69 
60-69 
70 
rat 
rife 


7.3 
74 


“ie 
76 
77 


78 


Period 


Nov-Dec 50 


Nov-Dec 50 
Nov-Dec 50 
Nov-Dec 50 
Nov-Dec 50 


Dec 50-Jan 
Feb-Mar 51 
Feb-Mar 51 
Feb-Mar 51 
Dec 50-Mar 
Feb-Mar 51 
Feb-Mar 51 
Feb-Mar 51 


Mar-Apr 51 
Mar-Apr 51 


Apr-Jun 51 
Apr-Jun 51 
Oct 15.1 


Nov-Dec 5l 


ae 


aE 


Description of Experiment 


Wild Mallards - Coontail § Corn Diet 
(Controls 60) 


Wild Mallards - Seed Diet 

Wild Mallards - Corn Diet (Controls 60) 
Wild Mallards - Mixed Diet (Controls 62) 
Wild Mallards - Corn § Alfalfa Diet 


Wild Mallards - Food Consumption § Weight 
Rice §& Grain Diet 


Wild Mallards - Food Consumption §& Weight 
Grain Diet 


Wild Mallards - Food Consumption § Weight 
Grain Diet 


Wild Mallards - Food Consumption §& Weight 
Grain Diet 


Wild Mallards - Recovery of Ducks From 
Exp. 60-69 Inclusive 


Game Farm Mallards - Drakes - Small Grain 
Diet - 1 Pellet 


Game Farm Mallards - Hens - Small Grain 
Diet - 1 Pellet 


Wild Mallards - ASpUEratorohes t=, onOt 
Recovery 


Canada Geese - Variable Diet - 2 Pellets 


Wild Mallards - Recovery of Lead §& Iron 
Shot 


Wild Mallards - Food Consumption § Shot 
Recovery 


Wild Mallards - Latent Effects of Shot 
Dosage 


Wild Mallards - Food Consumption - Vari- 
able Dosage History 


Wild Mallards - Grain § Smartweed Diet 
1 Pellet 
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Index of Experiments oe 


Exp. No. Period Description of Experiment 
79 Nov-Dec 5l Wild Mallards - Juvenile § Adult - Grain 
Diet - 1 Pellet 
80 Nov-Dec 51 Wild Mallards - Juvenile § Adult - Wheat 
Dietl=" 1° Pellet 
81 Jan-Feb 52 Wild Mallards - Excessive Dosage - 10 
Pellets 
82 Mar-Apr 52 Wild Mallards - Wheat Diet - 4 & 6 Pellets 
83 Mar-Apr 52 Wild Mallards § Pintails - Food Consumption 
2 Pellets 
84 Mar-Aug 52 Bluebills - Diet Quohog Clam Meat §& Oyster 
Shell 
Oct-Nov 49 (Not Numbered) Jar Experiment - Wild and 


Domestic Mallards - Shot Recovery 
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ILLINOIS NATURAL HISTORY SURVEY FILES 


COVERING OLIN SPONSORED WORK IN PERIOD 1948-1953 


II. Files on Reports, Data Sheets § Charts 


File Designation 
A-Jordan Reports 


B-Bellrose Reports 


C-Miscellaneous Pre-1950 
Publications 


D-Experimental Summary 
Sheets 


Gerabies and Charts- 
Drafts -Jordan 


F-Tables and Charts- 
Finished-Jordan 


G-Charts-From Bellrose 
Publication 


Description 


Rough drafts of four reports (apparently 

never published) 

1-The Influence of Diet in Lead Poisoning 
of Waterfowl 

2-Effects of Lead Poisoning in Waterfowl 

3-Symptoms and Lesions in Lead Poisoning of 
Waterfowl 

4-The Fate of Pellets Ingested 


Two published reports and draft of report 

written “after 1959 .+ Publication uncertain. 

l-Lead Poisoning Studies - August 1950 

2-Effects of Ingested Lead Shot Upon Water- 
fowl Population 

3-Lead Poisoning in Waterfowl: (3 Drafts) 


Includes following publications: 


1-Dowdell §& Green-1937; Lead-Magnesium Alloys 


for the Prevention of Lead Poisoning in 
Waterfowl 


2-E.R. Kalmbach-1930-Report on Duck Mortality 


in Louisiana Lead Poisoning 


3-E.R. Kalmbach-1935-Notes on Certain Experi- 


ments Dealing with Lead Poisoning Among 
Waterfowl 


4-Neff §& Sperry-1950-Lead Poisoning in Water- 


fowl-A Field Experiment 


Tables summarizing description and results 
of following experiments: 


(a) - 1-10 inclusive 
(b) - 13-14-17 

(c) - 19-28 inclusive 
(d) - 30-34 a 

(e) - 41-49 " 

CE r= 55-55 4 

(g) - 74-78 _ 


Drafts of tables and charts prepared by 
Jordan summarizing results. Intended for 
use in publications. 


Charts prepared by artist for inclusion in 
publications - No titles. 


Originals of charts used by Bellrose in 


May 1959 publication. 


- continued - 
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ILLINOIS NATURAL HISTORY SURVEY FILES: 


File Designation 


H-U.S. Weather Bureau 
Meteorological 
Summaries 

I-Lead Analysis 


J-Food Analysis 


K-Blood Analysis 
L-Working Papers 


M-Post 1955 Correspondence 
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Description 


Publications showing weather conditions in 
Peoria area during period experiments were 
conducted (1949-51) 


Reports from Olin-East Alton Laboratories 
on lead analysis of duck bone and organs. 


Report from University of Illinois on 
chemical composition of various foods used 
in experiments. 


Reports from College of Veterinary Medicine 
Univerity of Illinois 


Rough Summary Sheets prepared by Jordan as 
working papers. 


Miscellaneous reports and correspondence 
by Bellrose in period 1960-1965. 
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ILLINOIS NATURAL HISTORY SURVEY FILES 


COVERING OLIN SPONSORED WORK IN PERIOD 1948-1953 


III. HISTORY OF DUCKS USED IN EXPERIMENTS 


N-1 - Wild Mallard Case 
Histories 1948- 
1950 


N-2 Wild Mallard Case 
Histories 1948- 
1950 


O-Wild Mallards 
Chatauqua Refuge 
P-Game Farm Mallards 
Q-Wild Mallards - Weight 
Records 
R-Wild Mallards 
Escaped § Released 
S-Wild Mallards 
Recovery Data 


U-Wild Mallards - -1953 


Individual records of wild mallards picked 
up (some dead) or captured in field in 1948- 
1950 period. 


Same as N-1 


Summary of examinations of wild mallards 
picked up alive and captured at Chatauqua 
in period 1948-1949 


Weight changes and record of disposition 
of Game Farm Mallards used in 1949. 


Record of weights and shot in gizzard and 
body of ducks captured in February 1949. 


Individual records for mallards that es- 
caped and were released from pens in winter 
of 1948-1949. 


Records of ducks that recovered after lead 
dosage. 


History and disposition ef ducks an 1953, 
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Appendix B 
BELLROSE DUCK TESTS 


1949-1952 


Summarized October 1974 (RSH) 
30 Day Results 


Weight 
Loss Mortality 
Ducks Shot % % 
aD 
No. Type No. Alloy Size Dose Diet Days _% Days %_ 
4 WM 10 1.1% Mg 6 1) “aGorn Zi 30 80 90 
10 6 2 fad SY 5) 60. 200 
5 6 3 2a S05 i buG 
5 6 4 14 .43 14 100 
TOS eCONLTOLS - - oil etZ i 
6 WM 3 Pb-Mg Pieces Equiv Corn ZO 936 20° ~ 200 
oer Oe WS cb 4 #4 20 36 20 100 
2 Fe Dust ZO SLO 28 50 
8 DM 3  Lubaloy 6 lL eCorn 30 Si, 930 0 
5 3 50° 8025), 850 33 
3 5 SU Gis ATO ert 
9 DM 10 £Iron 6 6 Corn 30 6.8 30 10 
10 DM 10 Lead 6 BeeGorn 30 5, Oma 0 
10 2 SOM S55— hase 0 40 
10 3 a), 313527850 40 
10 4 S07 Ae 0 90 
5 5 20). 250. 500 60 
5 6 20) 435450 50 80 
3 7 BO gay. 1 350 80 
&.9 DM 10 Controls Corn 30 iz 30 0 
10 ; 
1} WM 3 Lead 4 1 Corn 30 46 30 66 
3 6 ut 30 40 30 66 
3 8 1 Sa eos 50° 100 
12 DM 3 Pb Dust 10/14 .67 Gms Corn 24 934 50° 100 
3 24/50 ca 8 30 0 
* 100/150 Aa. f 30 0 
3 Fe Dust 10/14 7a 0 30 0 
3 24/50 PAA 8 30 0 
3 100/150 Z1 6 30 0 
13 DM Ze ea canrD Clie elo 6 corn fea 4 30 0 
in Pieces Gms. 
2 eee eee 24 22 30 50 
2 AER ied a, (BR SS 30 50 
2 ~44 4 #6 ZA 60 30 50 
2 -66 6 #6 a i) 30 100 
2 -88 8 #6 (Ge! 30 50 
2 ia ae. Za 89 30 100 
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30 Day Results 
Weight ortality 


Ducks Shot Loss % % 
Exp 
No.Type No. Alloy Size Dose Diet Days % Days % 
14 DM 5 % Ca-Pb 4 4 Mixed Grains 21 27 30 60 
15 DM 10 Lead 6 4 Mixed Grain 30 4 30 0 
© Goentrols & Coontail 30 6 30 0 
15A DM 10 Lead 6 8 50° 11 30 0 
Controls 30 6 30 0 
17 DM 10 Lead 6 4 Corn, Carn 30 23 30 20 
Controls 011.§ Egg 30 5 30 0 
Albumen 
19 WM 10 Iron 6 10 Mixed Grain 50 elk 30 0 
5 Controls 50 +1 30 0 
20 DM 10 £4P-Sn-Pb 6 6 Mixed Grain 30 43 30 80 
SeecOonrrols 30 13 30 0 
21 DM 5S Lead 6 4 Corn§O0yster 50 18 30 20 
5) Lead 6 8 Shell Ve gets! 30 20 
Hy) Gontrolis 30 9 30 0 
23 DM 10 Lead 6 4 Corn 30 43 30 70 
10 Lead 6 4 Corn§Duckweed 30 8 30 20 
10 Lead 6 8 30 6.10 30 20 
Fae OnCTOLS 30) +4 30 0 
24 DM 10 Lead 6 4 Weed Seed BO, os See 20 
(Smartweed, 
Pondweed, 
Millet) 
10 Lead 6 4 Corn SOARS 30 70 
5  cortrols Weed Seed 30 6 30 0 
foe) DM 10 #£=Lead: 6 4 Corn S0sn'4s 30 70 
10 Lead 6 4 Corn§&CaCOz 50. “20 30 20 
10 Lead 6 8 Bee 55 30 60 
§ Controls 30 5 30 0 
26 DM 10 Lead 6 POT Sap ey) 30.743 30 70 
10 Lead 6 ADS COTNGV EC AG SU) oy 30 40 
Ascorbic Acid 
6 8 30 46 30 60 
5 Gontrols 30° 16 30 0 
27 WM 10 Lead 6 8 Corn&Coontail 30 435 30 90 
5 Controls . ie at 30 0 
28 DM 10 Lead 6 4 Tame Rice 30. 63610 30 20 
SEGONLTOLs 30 2 30 0 
29 DM 5 Lead «6 4 Corn§&Sage Ui ee) 30 0 
4 Gontrols Pondweed 30 6.10 30 0 
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EXD . 
No. 


30 


api 


52 


58 


34 


55 


36 


a7 


Ducks 
Type No. Alloy 
DM 10 Lead 


5 Controls 


WM 10 Lead 
Sy OOontrois 
WM 5 Lead 
Ss sControis 
WM 5S Lead 
S Montrois 
WM 10 Lead 
Concrols 
DM 10 Lead 
10 Controls 
DM 10 Lead 
No previous dosage 
DM 10 Lead 
Previous dosage 
DM Controls 
Previous dosage 
DM 5S Lead 
Adult Males 
DM 5 Lead 
Adult Females 
DM 5S Lead 
8 Week Males 
DM 5S Lead 


8 Week Females 


DM 5S Lead 
5S Week Males 


DM 5S Lead 
5S Week Females 


DM 5 


Shot 


Size Dose 


6 


4 


Controls Adult Males 
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Diet 


Corn § Phos- 
phorous 
Powder 


Corn §& Sage 
Pondweed 


Corn § Coon- 
Cats 
Corn § Duck- 
weed 
Corn § Char- 
ro 


Corn 


§ CaCO; 
& P 


Mixed Grains 
Mixed Grains 
Mixed Grains 
Mixed Grains 
Mixed Grains 
Mixed Grains 
Mixed Grains 
Mixed Grains 
Grains 


Mixed 


Mixed Grains 


We 
Lo 


30 Day Results 


ight Mortality 


ss $3 % 


Days % Days % 


30 
30 


30 
30 


30 
30 


30 
30 


30 
30 


30 


30 


30 


30 


30 


30 


30 


30 


30 


30 


30 


30 


17 30. 20 
2 30 #20 
28 30. 60 
2 30 #40 
38 30.~=—«60 
Taio inet eae 
29 30 60 
ro usta, 2.6 
36 30. 70 
oe ia a 
34 30 = 40 
13 30 +O 
30 30 30 
24 30 20 
‘ig, ee 
27 «©30~—«~60 
38 30 60 
2 30 0 
Aes. FO 
8 30 20 
25 30 40 
Se law a 


ih 


aD 


=" \3 


Ore 


Oe 
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Ducks 
EXD. 
No. Type No. 
37 DM «945 
DM 5 
DM 5 
DM 5 
DM 5 
38 Blue 10 
Winged 
Taal 10 
10 
10 
39 WM 10 
Male 10 
10 
10 
10 
40 WM 10 
Female 10 
10 
4] WM 5 
Female 10 
5 
Note: 
42 WM 10 
Note: 
43 WM 10 
Juv 
WM 10 
Adult 
44 WM 10 
Male 
47 WM 10 


Shot 


Alloy 
Controls 
Controls 
Controls 
Controls 
Controls 


Lead 


Controls 


Lead 


Controls 


Controls 
2% Mg 


Controls 


2% Mg 


Controls 


Lead 
Controls 


Lead 
Controls 


Lead 
Controls 


Lead 
Controls 


Size Dose 


Adult Fem. 
8 Week Males 
8 Week Fem. 
5 Week Males 
5 Week Fem. 


6 ih 


Ne PWN H WP 


oO 00 
Ne 


8 i 


6 1 
6 1 
6 ii 
6 1 
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Diet 


Mixed Grains 


Mixed Grains 
& Coontail 


Mixed Grains 
&GCoontail 


Mixed Grains 


& Coontail 


Mixed Grains 
& Coontail 


X-Rays showed essentially all lead out of 


Mixed Grains 


Mixed Grains 


P75) Gotm 
1/3 Rice 
1/6 Millet 


30 Day Results 


Weight 
Loss % 
Days % 
30 -9 
30 ano) 
30 -3 
30 +4 
30 +8 
30 30 
30 36 
30 36 
30 39 
30 lige 
30 ie 
30 Le 
30 8 
30 26 
30 =3 
30 7 
30 28 
a0) +10 
14 +7 
14 sev 
14 -1 


Mortality 
Days % 
30 0 
30 0 
30 0 
30 0 
30 0 
30 40 
30 40 
30 60 
30 70 
30 30 
30 0 
30 50 
30 20 
30 70 
30 0 
30 20 
30 80 
30 0 
30 0 
30 0 
30 0 


system in 2 weeks. 


sie 
30 
30 


30 
30 


30 
30 


20 
20 


1/6 Smartweed 


2 Wks Weed 
Seeds-2 Wks 
Mixed Grains 


30 
30 


Zo 
Oy 
0 


aa 
10 


15 
30 
30 


X-Rays showed pellets failed to pass in ducks that died. 


30 
30 


30 
30 


20 
20 


30 
30 


10 
80 
0 


60 
10 


80 
10 
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Ducks 
Exp. 
No. Type No. 
49 DM 10 
S55 DM 5 
60 WM 10 
61 WM 10 
62 WM 10 
63 WM 10 
64 WM 10 
65 WM 10 
66 WM 10 
Drakes 
67 WM 10 
Hens 
68 WM 10 
Drakes 
69 WM 10 
Hens 
70 DM 10 
Drakes 5 


Shot 


Alloy 
Lead 


Controls 


Lead 


Lead 
Controls 


Lead 
Controls 


Lead 
Controls 


Lead 


Cont. O1S=EXD.. 


Lead 
Controls-62 


Lead 
Controls 


Lead 
Controls 


Controls 


Lead 
Controls 
ConLtro.s 


Lead 
Controls 


Lead 
Controls 


Lead 
Controls 


Size Dose 


6 
6 


4 
4 
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Weight Mortality 
Loss % % 
Diet Days % Days 4% 

Whole Yel- 30 38 30 70 

low Corn 

Ground Corn 30 wi 30 60 

Whole Corn 30 4 

Ground Corn 30 4 

Duck Pellets 30 25 30 40 

Corn 30 40 30 60 
30 5 30 0 

Corn §& Coon- 30 30 30 40 

tail 30 +4 

Grain, 70% 30 3 30 30 

Seeds, 10% 30 4 30 0 

Rice, 20% 

Corn 30 30 30 70 

Grain, 20% 30 10 30 10 

Rice, 20% 

Smartweed,10% 

Corn §& 30 30 30 40 

Alfalfa 30 1 30 20 

80% Grain 30 13 30 10 

20% Rice 

Feed Same as 30 Bel 30 10 

Dosed 

Unlimited 30 1 30 0 

Food 

Small Grain 30 28 30 50 

Food Qty .Same30 30 30 70 

as Dosed 30 ct h 30 0 

Birds 

Small Grain 30 18 30 10 
30 0 30 0 

Smal. Grain 30 29 30 50 
30 cout 30 0 

Small Grain 30 2 30 0 
30 1 30 0 


30 Day Results 
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30 Day Results 


Weight Mortality 
Ducks Shot Loss % % 
Exp. i ae 
No. Type No. Alloy Size Dose Diet Days 3 Days % 
Se | DM 10 Lead 6 Tt” Small Grain ~ 30 aise 30 0 
Hens 5 Controls 30 -6 30 0 
2 WM 15 Lead 6 2 Small Grain "30 20 30 he 
Drakes Controls-68 30 0 30 0 
tan. oo Lead 4 2 
Geese 
74 WM 5S Lead 6 2. somal Grain 40 34 30 60 
Drakes 
75 WM 10 Lead 6 PPivonats. Grain) 30 36 30 200 
Drakes 60 50 
US eGOnGrOLS 30 9 30 0 
Hens 10 Lead 6 1 30 ae 30 20 
60 20 
Controls 30 4 30 0 
78 WM 20 Lead frit ee a Teoma iaGrain. 920 i ha ral 10 
Drakes 20 Lead eed) La «) 1 75%-Smart- 21 +5 21 0 
iseecontrois (3) weed 25% ray +5 7A 0 
Food Consumption: (1) .091 per day 
(2) .182 per day 
(3) .201 per day 
79 WM 10 Lead 6 lt Small Grain 21 2 oe 20 
Adult 10 Controls Ze Sees 21 0 
Drakes ; 
WM 10 Lead 6 1 Zl ee 2 Zi. 0 
Juv. 10 Controls Pet aU rant 0 
Drakes 
Note: Ducks lost 15% at start of experiment. 
80 WM 10 Lead 6 1 Wheat Zeus Zz 10 
Adult 10 Controls 24. -1 Zz) 0 
Drakes 
WM 10 Lead 6 1 Wheat ed Le AY f Zt 20 
Juv. Controls 21 -2 nia 0 
Drakes 
81 WM 7 Lead 6 10 Wheat 9 Ly 9 70 
Aduit 7 Controls 14 3 14 0 
Drakes 
82 WM 10 Lead 6 4 Wheat 30 aes 30 20 
Aduit “7 .Lead 6 6 Wheat 30 24 30 is 
Drakes Controls: -) Exp. .83 
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30 Day Results 
Weight Mortality 








Ducks Shot Loss &% % 
Exp. | é 
No. Type No. Alloy Size Dose . Diet Days % Days % 
83 WM 10 Lead 6 2 Wheat 30 34 30 40 
Adult Controls 20g e210 30 0 
Drakes 
Pintails 10 Lead 6 2 Wheat . 30 a) 30 70 
Adult Controls 30 +7 30 0 
Drakes 
84 Blue- 10 Lead 6 2 Quohog Clam 30 a 30 0 
basis .10 “Controls Meat §Oyster 30 -15 30 0 
Adult Shells 
Drakes 
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